Supply chain management is important for companies and organizations to improve their business and lead competitiveness in the global marketplace. But demand variations in the supply chain are significant problem for most practitioners, planners, demand managers, and operations managers. Demand variations make forecasting and inventory management more difficult and tend to increase inventory levels. The supply chain (SC) profitability can be affected by the cost associated with large inventories, transportation, and production due to the bullwhip effect. Only bullwhip effect can lead to reduce the supply chain profitability in great amount. This paper represents a computational intelligence approach, which addresses the bullwhip effect in multistage supply chain. As a computational intelligence approach, Genetic Algorithm (GA) is employed to reduce the bullwhip effect. Through this approach, optimal order quantity in each stage is to be calculated by considering cost associated with bullwhip effect. Distorted information from one end of a supply chain can lead to tremendous inefficiencies to other end. In this paper it is shown that if each player of the supply chain orders or transfers optimum quantities for the upcoming period then the bullwhip effect can be reduced significantly.
Introduction
Demand variability amplification across the supply chain, known as Bullwhip Effect (BWE), results in serious inefficiencies across the chain. When each player manages its own organization without any coordination to the others, it might cause "Bullwhip Effect" (BWE); variances of ordering patterns move up to the SC from end customer to retailer, to distributor, manufacturer, to Supplier. Lee et.al. (1997a) stated that Procter and Gamble were one of the first companies to identify the bullwhip effect through examining the order patterns for one of their products. Forrester (1958) first demonstrated the term bullwhip effect and motivated many researchers to work on this issue. Lee et al. (1997a) claimed that the merely demand fluctuation in retail shops lead to greater order variability due to information distortion and makes the chain inefficient. Burbidge (1995) presented a methodology for controlling production and inventory, which was associated with the problem of BWE and finally provided a thorough definition of BWE: "if demand for products is transmitted along a series of inventories using stock control ordering, then demand variations will increase with each transfer". Croson and Donohue (2006) claimed that decision makers consistently under-weight the supply chain and lead to a form of decision bias that clearly indicates the behavioral causes of BWE. Lee et.al (1997b) identified four major operational causes such as demand signal processing & non-zero lead time, order batching, price fluctuation, and rationing & storage gaming, of bullwhip effect and finally claimed that these causes interact with each other and results wild demand swings. They demonstrated that while reacting to any of the four causes above, the strategic interaction of two rational SC members can generate the BWE. Lee et al. (2000) mentioned that information sharing between partners in a supply chain can reduce BWE. Gill and Abend (1997) stated that the most celebrated implementation of demand information sharing is Wal-Mart's retail link program. Chan et al. (2006) noted that the BWE would not exist if there were no forecast based ordering that only attempts to capture the latest demand information. Dejonckheere et al. (2004) and Kelle and Milne (1999) reached the same result. They also mentioned that whatever forecasting model is used, order up to policies will always result in BWE. Potter and Disney (2006) suggested that to mitigate the negative impacts of batching and batch size should be reduced as much as possible. While Riddalls and Bennetts (2002) found that BWE levels are associated with the reminder of the ration between batch size and average demand. Setting batch size at or near the devisor of the average demand rate can reduce BWE. Cachon and Fisher (1999) mentioned that information sharing EDI helps to decrease batch size. They also mentioned that information sharing via EDI can improve operational efficiency by reducing time between processes. As a result order lead time is decreased and BWE also decreases. Wu and Katok (2006) mentioned that the BWE is caused by insufficient coordination between SC agents. Li et al. (2005) introduced the three levels of information sharing between retailer and manufacturer. These are decentralized control, coordinated control and centralized control. The effect of vendor-managed inventory (VMI) on the BWE has been examined by Disney and Towill (2003) . Disney et al. (2000) investigated production and inventory control by control theory. Sucky (2009) claimed that BWE may be an overestimated problem. Cachon et al. (2007) and Fransoo and Wouters (2000) made an elaborate attempts to measure BWE empirically. Carlsson and Fuller (2001) employed fuzzy logic to supply chains to decrease the BWE. Kimbrough et al. (2002) created artificial agents via genetic algorithms to reduce the BWE. Merkuryeva and Napalkova (2008) used multi objective simulation based genetic algorithm for multi echelon SC cyclic planning and optimization. O'Donnell et al. (2009) used genetic algorithm to reduce negative effect of sales promotion in SC. Zhou et al. (2002) used genetic algorithm for balancing the allocation of customers to multiple distribution centers in the supply chain network.
After a handsome amount of literature review authors decide that Bullwhip effect is one of the major causes to hamper the supply chain profitability. This paper investigates the demand of each stage of the supply chain and finally recommends the optimal ordering quantity for each member of a SC using GA in order to reduce the bullwhip effect with considering total cost across the entire SC. The exposition of the paper is as follows: Section 2 describes the methodology to reduce Bullwhip Effect; Section 3 is associated with problem formulation, notations and definitions as well as modeling formulation; Section 4 provides numerical example; and finally section 5 presents the contribution of the paper.
Methodology to reduce bullwhip effect
Reduction of bullwhip effect is a systematic approach. The current problem is also solved step by step. Firstly all the factors which lead to bullwhip effect are taken into consideration. Secondly A constrain linear programming model is built up by considering the most severe factors associated with bullwhip effect in a single product multi-stage supply chain. Thirdly the mathematical model is used to solve a practical problem by collecting relevant data of the model. Genetic Algorithm, a powerful optimization tool that imitates the natural process of evaluation and Darwin's principle of "Survival of the Fittest" is used to solve the problem. And finally the objective of this work is met.
Problem formulation
In this paper, authors consider single product multi-stage supply chain. As a multistage, three stages like manufacturer, distributor, and market are considered. This supply chain network is shown is Fig 1. Different types of costs associated with the transportation, production and storage of product are considered to form the mathematical model. The costs are mentioned in later section. The mathematical models to be formed here are divided into three parts: Part1: Minimize SC cost for transferring quantity from manufacture to distribution Centre; Part2: minimize SC cost for transferring quantity from distribution center to market; and part3: minimize the total supply chain cost (TSCC). 
Notations and Definitions
The notations which are used in the mathematical model are defined as following.
i, j=indicates the consecutive months , weeks or days or any intervals. d= no. of distribution center is undertaken among total distribution center for the Plant. 
Constraints:
ii. Order fulfillment constraint ⋯ . .
iii. Storage capacity constraint ⋯
iv. Non-negativity constraint
Part3: minimize the total supply chain cost (TSCC) Minimize (12)
Genetic Algorithm
Genetic algorithm (GA), replicates the mechanism of biological evolution and natural selection process is a popular global search meta-heuristic algorithm for solving complex optimization problem. The fittest individuals have the highest chance of survival is the base of the GA. The genetic algorithm works with an initial population and each initial population consists of set of initial solutions, represented by chromosomes. Each individual solution or chromosome carries encoded information represented by genes that are assigned to variables. GA works interactively and improves the population of solutions using three search operators which are selection, crossover, and mutation. The selection operator selects the individuals as parents and allows to produces children for the next generation. It gives the preference to the fittest individuals. The crossover operator, a genetic operator generates new chromosomes by combining pairs of existing potential and fitter chromosomes to be let them playing role of parents to produce the next generations. Mutation operator is also a genetic operator that maintains the diversity by making small changes on genes of individual solutions. The process continues until the stopping criteria are met. A typical procedure of the GA is shown in Fig. 2 
Numerical example
Transcom Beverage Limited (TBL) is a leading beverage company in Bangladesh. To test the practicality of the proposed model for Bullwhip effect, this company is considered to carry out the research. TBL has its own strategy to produce and complete the supply chain of 7UP product that is considered of this research work as a single product. They have many distribution centers throughout the country in which TBL supplies its product. Then each distribution centers transfer the product to different markets. In this case study TBL is considered as manufacturer and with four distribution centers such as Vision Enterprise, Badda (VEB), Gazi Corporation, Gulshan(GCG), Salehea Traders, Banani (STB), and Kuril Express, Sahzadpur (KES) and several markets (nM) associated with each distribution center. The considered distributor centers are located within Dhaka region because it is overpopulated. Demand fluctuation is more there and study suits those regions much more. All relevant data are shown in Table 1 . Fig. 3 depicts the variation of demand from market to distribution center to manufacturer. In the figure, the demand graph demonstrates that the demand from the five markets to the VEB and the demand from the VEB to TBL are not perfectly coincided. As a result, there is gap in between two demand patterns. In the same way, Figs. (4-6) present the corresponding demand gap from the markets to distribution centers and the distribution centers to manufacturer. Start with an initial population and each initial population consists of set of chromosomes.
Fig. 2. General procedure of genetic algorithm
Improve the population of solutions through search operators
Calculate the fitness value of the current population.
1. Select the number of elites (the fittest individuals) as new population to produce children of the next generation. 2. Randomly select crossover rate to produce new population from the potential and the fitter chromosomes. 3. Randomly select the mutation rate to produce new population to make the solution more diversified. The transportation cost per unit transfer from the manufacturer to distribution center and the distribution center to markets are shown in Table 2 . Area in warehouse of plant is 15000 Square feet and area in warehouse in distribution centers like VEB, GCG, STB, and KES are 3500, 3250, 3225, and 3245 square feet and respective holding cost (taka) per unit per year are 5.25, 3.5, 2.25, and 2.75, respectively. Holding cost in plant is 5.14 taka per unit per year and average production cost per unit is 20 to 23 taka. GA, general procedure and the search operators adopted are already mentioned in section3.3 is applied by using MATLAB software. The objective function value is obtained Tk. 90,355. The optimal ordering quantities of each stage in the supply chain are shown in Table 3 . Table 3 Optimal ordering quantity of different stages in supply chain Table 1 and Table 3 it clearly indicates that the ordering quantity in each month and in each stage of the supply chain is the same or somewhat increases or decreases. Furthermore the ordering curves from plant to distribution center to market shown in Figs. (7-10) are more coincidental than the demand variation curve from market to distribution center to manufacturer shown in Figs. (3-5) , and Fig. 6 , respectively. It indicates the reduction of variability in between the demand and supply of product in supply chain. So if optimal ordering policy is followed then BWE will be reduced. Finally if this model is used then annual cost will be reduced and BWE effect will also be reduced in great amount.
Conclusion
This research has focused on developing a genetic algorithm model for reducing the bullwhip effect in a single product, multi-stage supply chain. The flexibility of this proposed model is the ability to identify optimal ordering quantity for each stage of supply chain. The study has proposed a procedure to reduce the bullwhip effect based on different cost data, improving information sharing levels, and contributions and operational efficiency by identifying optimal ordering quantity in order to perfect match with the demand and supply in the supply chain network. A practical supply chain has been implemented as a case study to validate and to demonstrate the flexibility of the proposed model. The case study was the supply chain of a beverage company named transcom beverage limited. It presents multi-product and multi-stage supply chain but only single product and multi-stage has been considered. The bullwhip effect of this case study has been significantly decreased by using the proposed genetic algorithm.
